The ATP-binding cassette (ABC) transporters with a conserved ATP-binding domain, called ABC, are widely distributed in the membranes of various organisms from prokaryotes to eukaryotes.
4)
Recently, we found a novel half-type ABC transporter gene expressed in mammals. 5, 6) This putative transporter has a high degree of amino acid sequence similarity to transporter associated with antigen processing (TAP)1 and TAP2, and thus is called TAP-like (TAPL, ABCB9). These three members are classified into subgroup B with multidrug resistance (MDR) among various ABC transporters. 6, 7) The TAP heterodimer, TAP1 and TAP2, transports antigen peptides into the lumen of the endoplasmic reticulum from the cytoplasm coupled to ATP hydrolysis. 8) The transported peptides are presented as cell surface antigens by major histocompatibility complex (MHC) class I molecules. The conservation of the peptide-binding motifs of TAP proteins in TAPL suggests that TAPL might be a peptide transporter. 6, 7) In this study, we found that the carboxyl-terminal sequence of rat TAPL is heterogeneous due to the splicing of its mRNA. We discuss the significance of the carboxyl-terminal diversity of TAPL from the viewpoint of functional heterogeneity.
MATERIALS AND METHODS
cDNA Cloning by 3-Rapid Amplification of cDNA Ends Total RNA was extracted from tissues of 5-week-old Sprague-Dawley male rats using the guanidine thiocyanateCsCl method.
9) The first stranded cDNA was synthesized from 5 mg of RNA with the SuperScript Preamplification System (Gibco BRL) with oligo dT l5 Primer. 3Ј-Downstream sequences were amplified using 3Ј-rapid amplification of cDNA ends (RACE) (3Ј-RACE System, Gibco BRL) using rat cDNA from brain and testis and primers YY005 and YY006. cDNA was also obtained by polymerase chain reaction (PCR) with primer pairs YY011 and YY020, and then YY011 and YY021 (Table 1A) . The PCR conditions 10) for these experiments were 35 cycles of denaturation (94°C, 1 min), annealing (55°C, 2 min), and extension (72°C, 3 min). In all PCR, preheating (94°C, 3 min) and postincubation (72°C, 7 min) were carried out before and after successive cycle reactions, respectively. DNA Sequencing Amplified cDNAs were analyzed by agarose gel electrophoresis [l%, (w/v) Takara Type LO3] using TAE buffer (X 1).
9) The DNA fragment (about 0.3 kbp) was ligated to the pCRII vector (Invitrogen) or pGEM T-Easy vector (Promega). Both strands of cloned DNA were sequenced by means of the dideoxy chain-termination method 11) using a Shimadzu DNA Sequencer Model DSQ1000L with a Thermo Sequenase fluorescent-labeled primer cycle sequencing kit (Amersham Pharmacia Biotech) or using an ABI PRISM TM 310 Genetic Analyzer with a Big Dye TM Terminator Cycle sequencing Ready Reaction Kit (Applied Biosystems) and sequence primers (M13 forward and reverse).
Reverse-Transcriptase PCR (RT-PCR) cDNA was synthesized as described in the section for cDNA cloning. One microliter of reaction product was subjected to semiquantitative PCR analysis using the primer pairs shown in Table 1 (A, B). Under the conditions of 35 cycles, the denat-uration, annealing, and extension conditions (94°C, 0.5 min, 59°C, 0.5 min, 72°C, 0.5 min, respectively) were common for the amplification of rat TAPL, TAP1, and TAP2 cDNAs. Either dimethyl sulfoxide (5%, v/v) or betaine (1.25 M) was added to the reaction mixture. The rat b-actin mRNA level was determined using PCR with primers rat b-S and rat b-A 5) under the conditions of 25 cycles of denaturation (94°C, 1 min), annealing (60°C, 0.5 min), and extension (72°C, 1 min). Preheating and postincubation were carried out as for cDNA cloning. After agarose gel electrophoresis (1.8%, w/v), 9) the DNA bands were visualized with ethidium bromide and their images were processed on a FluoroImager Model 595 (Molecular Dynamics).
Chemicals Restriction enzymes were obtained from New England Biolab, TaKaRa Shuzo, Toyobo, and Nippon Gene. T4 DNA ligase was from TaKaRa or Toyobo, and Taq polymerase from Nippon Gene or Perkin Elmer. The PCR primers were purchased from Gibco BRL. All other chemicals used were of the highest grade commercially available.
RESULTS AND DISCUSSION
Tissue-Specific Expression of Rat TAPL Different from Those of TAP1 and TAP2 Although TAPL is transcribed ubiquitously, its expression level is different in various rat tissues. 5) Human and mouse TAPL showed also tissue-specific expression in the brain and testis. 7) We first confirmed this expression pattern of TAPL using semi quantitative RT-PCR. We analyzed total transcription levels of TAPL in four tissues (brain, thymus, intestine, and testis) from young male rats (6 weeks of age) and compared them with those of the other TAP family members, TAP1 and TAP2. The results demonstrated that the expression of TAPL is higher in the brain and testis than in the thymus and intestine (Fig. 1) . This was in contrast to TAP1 and TAP2, since they were expressed at a higher level in the thymus. Furthermore, the expression levels of TAP1 in the intestine and of TAP2 in the brain and testis were also high. These results are interesting from the viewpoint of the roles of TAP1 and TAP2 in tissues other than immune systems.
Heterogeneity of the Carboxyl-Terminal Sequence of Rat TAPL We previously reported that two types of clone were obtained by 3Ј-RACE of rat kidney cDNA, C-I and C-II. Both the C-I and C-II types were suggested to be splicing isoforms with some 40 different carboxyl-terminal residues.
5)
We also identified an additional type, C-III, in rat testis cDNA, when the entire cDNA sequence was amplified by PCR ( Fig. 2A) . The C-III clone had a 57-bp insertion immediately downstream from the nucleotide sequence corresponding to the Walker B motif. 12) Furthermore, the C-IV type sequence was reproducibly obtained by 3Ј-RACE of rat brain cDNA (Fig. 2A) .
The nucleotide sequences and the deduced amino acid sequences of these four carboxyl-terminal isoforms are shown in Figs. 2A and B. The amino acid residue numbers of these four isoforms (from C-I to C-IV) from the Walker B motif were 86, 90, 17, and 32, respectively. Both the C-III and C-IV types had shorter carboxyl-terminal sequences, and the C-III had the shortest.
Gene Organization of the Rat TAPL Isoforms The comparison of cDNA sequences suggested that the C-I to C-IV isoforms could have originated from splicing of mRNA. To determine the gene organization of rat TAPL isoforms, we compared the cloned sequences with the rat WGS supercontig on chromosome 12 (definition no. NW_042790) in a BLAST search. The relative locations of the carboxyl-terminal sequences of TAPL isoforms in the rat genome are presented in Fig. 3A . The sequences corresponding to the carboxyl-terminal variants of rat TAPL were found to be located 3Ј downstream from exon 11 in the Rat Genome Database (Fig. 3B) . In the case of C-III, an additional novel exon, termed exon III, was inserted between the 11th and 12th exons of rat TAPL C-I/II. On the other hand, C-IV utilized another exon, termed exon IV, which was located between the 11th exon and exon III. Thus we concluded that two novel isoforms could be produced by alternative splicing of Expression of TAPL, TAP1, and TAP2 mRNA in young male rats was determined using RT-PCR. Total RNA was prepared from rat tissues (B; brain, Th; thymus, I; intestine Te; testis) and subjected to RT-PCR. The products (366, 290, 468 bp for rat TAPL, TAP1, TAP2, respectively) were analyzed with agarose gel electrophoresis and staining with ethidium bromide. The mRNA level of b-actin (278 bp) was also determined as a control. Table 1 . Primer Sequences and Their Combinations for PCR (A)   YY003  5Ј-GGTCATAGGCGCCGATGGGC-3Ј  YY005  5Ј-AGCCCAGCTGTCAGGTGGCC-3Ј  YY006  5Ј-TGGCACGTGCACTAGTGCGG-3Ј  YY009  5Ј-TTGTCCTGGGAGACTGCATGGA-3Ј  YY011  5Ј-CTCCACCAATCTGAGAATAC-3Ј  YY020  5Ј-GGCCTTGCCCCGGTGAG-3Ј  YY021  5Ј-AAGCCTGCCCCTGTCACC-3Ј  YY067  5Ј-ACTGCTCCGGGTCTGGG-3Ј  YY068  5Ј-AACTTGTGCCACAGGGC-3Ј  YY069  5Ј-CCGGGGCTGCCAGGACT-3Ј  MK042 5Ј
Gene Primers
Sequences of primers (A) and their combinations (B) for PCR amplification of rat TAPL, TAP1, and TAP2 cDNAs are indicated. The primers for b-actin were used to normalize the PCR amplification. the 12th exon.
Significance of the Presence of TAPL Isoforms Heterogeneity of the carboxyl-terminal region of rat TAPL could be important for the functions and regulations of TAPL, especially in terms of the cellular homeostasis. Plasma membrane Ca 2ϩ -ATPase may be one good example: the splicing events of PMCA1 mRNA produce isoforms with an altered calmodulin-binding domain and without a phosphorylation site by protein kinase A. 13) Closely related TAP2 has a splicing isoform, TAP2iso, with different substrate recognition. 14) Furthermore, a related ABC transporter member, SUR2, has splicing isoforms with altered ATP binding. 15, 16) The carboxyl-terminal heterogeneity of TAPL could also contribute to changes in substrate recognition, dimer formation, and interaction with other proteins, which would affect cross-talk with cellular metabolic and signal transduction pathways.
Although it is reported that the TAP family (TAPL, TAP1, TAP2) is widely expressed in various tissues, 5, 8) the present results clearly indicate that the expression levels are different among the members and in different tissues. Thus the assembly and localization of TAP family proteins as well as their isoforms would be interesting, and these lines of study are now in progress.
Fig. 2. Primary Sequences of Rat TAPL Isoforms
(A) Carboxyl-terminal sequences for rat TAPL isoforms (C-III, C-IV) are shown. The C-III sequence was amplified by PCR with primers YY005 and YY011 indicated in the figure. The C-IV sequence was amplified by 3Ј-RACE with primers YY005 and YY006. C-III could be generated by the insertion of the 57-bp additional exon (shown by capital letters) to the mRNA for C-I. 5) Since the C-IV clone had a poly-A sequence, the AT-rich sequences (double underlined) could function as a poly-A additional signal. 17) The nucleotide sequences for rat TAPL carboxyl-terminal regions C-III and C-IV have been submitted to DDBJ/EMBL/GenBank under accession numbers AB116264 and AB116265, respectively. (B) Amino acid sequences were deduced from the cloned cDNAs. They were aligned from the Walker B sequence (DEATSALD).
12) The sequence encoded by the 11th exon is indicated by the underline. Since exon EIV was assigned from the cDNA sequence ( Fig. 2A) , there is a possibility that the EIV sequence would further extend downstream. (B) Genomic sequence from intron 11 to exon EI/II. Exons are indicated by bold letters with exon numbers. The end of exon EI/II is shown by our cloned cDNA.
5) The underlined part in EI/II is deleted in a C-II type clone. 5) 
